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ABSTRACT 
 
The study has been carried out to investigate the influence of manganese concentration and 
solution pH on the structural and optical properties of electrodeposited Mn-doped ZnSe thin 
films. The study adopted an experimental research type using lab apparatus to grow and 
ZnSe/Mn thin films.Manganese doped ZnSe thin films have been deposited on well cleaned 
fluorine-doped tin oxide (FTO) coated conducting glass substrates at room temperature via 
two-electrode potentiostatically electrodeposition technique. All deposition was carried out at 
room temperature of 25

o
C. Prepared solutions of Mn(NO2)3.5H2O, ZnSO4.7H2O and 

hydrogen selenide as sources of  Mn
2+

, Zn
2+

and Se
2- 

 ions respectively were used. The Mn 
concentrations have been varied by varying the molar concentration of Mn (NO2)3.5H2O in 
the solution as 0.0, 0.1, 0.2 and 0.3 mol %. Ammonia (NH3) solution has been used to adjust 
the pH of the solution (as pH 7.0, 7.5, 8.0 and 8.5). The samples thickness has been 

obtained electromechanically by a profilometer measurement. X-ray diffraction studies 

revealed eight (8) diffraction peaks oriented along (110), (101), (200), (211), (220), (310), 
(301) and (321) planes, indicating that all the deposited films were polycrystalline in nature 
with mixture of cubic zinc blende and hexagonal structures with the most preferred 
orientation along (211) plane. The average crystallite size calculated increases as the Mn 
concentration and solution temperature increases. Optical studies revealed a direct band 
gap transition with the energy value decreases (as 3.56, 3.43, 3.39 and 2.92 eV) as the Mn 
contents increases, and increases (as 3.39, 3.91, 3.96 and 3.88 eV) with increase in the 
solution pH. The optical conductivity of the grown thin films was in the range of 2.87 – 3.32 
x10

14
 s

-1
. The synthesized thin films could find potential application in photo sensing, 

optoelectronic and hetero-junction solar cells devices.  
 
. 
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1. INTRODUCTION  
 
The inclusion of d-elements doped IIB-VIA semiconductor thin films in all categories of 

electronic structures has drawn a considerable interest, owing to the believes that with 



 

 

specific impurities atoms introduce into the binary compound could alter the microcrystalline 

structures and thus yields new material systems with physiochemical properties different 

from the host material. The group 3d-transition metals (such as Cr, Fe, Co, Cu, Mn e.t.c) – 

doped II-VI semiconductors, have in particular drawn a great attention as it offers a great 

opportunity to integrate optical, electrical and magnetic properties into a single material, 

making them ideal candidates for magneto–optical, non–volatile memory,- spintronic and 

optoelectronic devices [1, 2, 3]. In addition, these metals have no solubility limit in the host 

material [4].  

Among the group II-VI binary compounds as host materials, ZnSe has drawn major attention 

due to its unique physical properties, such as wide and direct energy bandgap in the range 

2.6–3.1eV, high refractive index, transparency over a wide range of visible spectrum, ability 

of emitting light in the blue-green region [5, 6, 7], and relatively large value of nonlinear 

optical coefficients [8]. Zinc Selenide can be crystallized principally in both cubic and 

hexagonal structures. It has electrical resistivity of the order 10
4
-10

12
Ωcm [7]. ZnSe and its 

lattice matched ternary alloys have been regarded as important member of II–VI compound 

semiconductors for various applications [9]. It has shown a wide range of applications in the 

field of optoelectronic devices such as blue-green light emitting diode, blue laser diode, laser 

screens, thin film transistors, photo detectors, photo diodes, dielectric mirrors, non-linear 

optical, photovoltaic cells and as window material for thin film hetero-junction solar cells [10, 

11, 9].  

Different dopants have been used to dope ZnSe thin films, these include iron [12, 13, 14], 

indium [8, 15, 16], tellurium [17], aluminum [18], Bismuth [19], nitrogen [20], Chromium [21], 

silver [22, 23], europium [24], Tin [9], cobalt [3, 26], copper [25, 26], manganese [27, 28].  

Various techniques have been employed to prepare thin films of doped ZnSe, including 

thermal evaporation [8, 29], lasers assisted evaporation [18, 21, 22], closed space 



 

 

sublimation [23,  25], chemical bath [15, 28, 30], electrochemical [12, 13, 20, 24], but   based 

on current needs to fabricate semiconductor devices on variable substrate sizes and shapes, 

to ensure low energy consumption, and to reduce material wastage and system damage, 

electrodeposition (ED) method has been adopted for this present studies for the fabrication 

of ZnSe/Mn thin films. From the available literature reports, there no particular empirical 

studies on the electrodeposited ZnSe/Mn thin films. The present study is therefore focused 

on investigating influences of Mn concentration and solution pH on the Structural and optical 

properties of ZnSe/Mn thin films for their potential applications in various optoelectronic 

devices. 

2. MATERIAL AND METHODS  
. 

2.1 Materials 

The materials used for the growth and characterization of ZnSe and ZnSe/Mn thin films 

included; power supply, carbon electrode, fluorine doped tin oxide (FTO) substrates,  

potentiostat which supplies a DC voltage in a two-electrode cell setup, digital weighing 

balance, digital hand held pH meter (HL7300) with pH value of 7.0, G & G electronic scale, 

magnetic stirrer, stop watch, Digital multimeter, thermometer 0-750
o
C, 756S UV-VIS 

spectrophotometer, Bruker D8 Advance X-ray diffractometer with Cu Kα line (λ= 1.54056Å). 

The chemical used included; Zinc tetraoxosulphate (VI) heptahydrate (ZnSO4.7H2O), 

manganese nitrate pentahydrate (Mn(NO2)3.5H2O), Selenium powder (Se), Hydrogen 

Chloride (HCl), Ammonia solution (NH3), Deionized water. All chemicals used were of 

Analytical Grade. 

2.2 Experimental Details 

Thin films of manganese-doped zinc selenide (ZnSe/Mn) have been deposited onto flourine-

doped tin oxide (FTO) coated conducting glass substrates. Before the deposition, attention 

has been paid on the cleaning and activating the substrate surfaces, the substrates have 

been dipped in acetone, methanol, rinsed with distilled water and later ultrasonicated for 30 



 

 

mins in acetone solution after which they were rinsed in distilled water again and kept in an 

oven to dry. All the prepared substrates have been kept in air-tight container. 

 A 0.1M aqueous solutions of ZnS  .7    and Mn(NO2)3.5H2O as sources of Zn and Mn 

ions have been prepared by dissolving 5.7508 g of each in 100 ml of deionized water. 5 ml 

of HCl has been first used to dissolve the selenium metal powder to form hydrogen selenide 

(H2Se). 0.1M concentration aqueous solution of the H2Se has been then prepared by 

dissolving 8.0969 of it in 100 ml of deionized water. 

The deposition has been carried out when 20ml of the prepared solutions of ZnSO4.7H2O 

and H2Se, and 10ml of Mn(NO2)3.5H2O have been poured into the electrochemical bath 

system with constant stirring. The Mn concentrations have been varied by varying the molar 

concentration of Mn (NO2)3.5H2O in the solution as 0.0, 0.1, 0.2 and 0.3 mol %. Ammonia 

(NH3) solution has been used to adjust the pH of the solution (as pH 7.0, 7.5, 8.0 and 8.5) 

using digital hand held pH meter (HL7300). The deposition has been allowed to take place 

potentiostatically using a two-electrode configuration under – 200 mV deposition potential, at 

constant voltage of 10V and room temperature of 25
o
C for 10s after which the coated slides 

were withdrawn from the bath, rinsed with distilled water and dried in air. The samples have 

been characterized for structural and optical properties. 

2.3 Theoretical Methodology 

2.3.1 Structural 

The inter-planar distance,      has been calculated by using the Brag equation as, 

      
 

     
                                                                                                                                  

The Cubical lattice constant,   has been calculated using the equation: 

                                                                                                                              

From the cubic lattice parameter obtained have been used to compute lattice parameter, c 

for hexagonal structure by the equation, 



 

 

  
 

 
 
   

 
 
 
        

   

                                                                                                       

The crystallite size, D of the deposited films has been computed can b using Scherrer 

formula [23], 

    
  

     
                                                                                                                                 

Where, k is a shape factor (scherrer constant) with the value 0.94 [7],   is the full width half 

maximum (FWHM) value of the observed diffraction peaks. 

The microcrystalline stain,   has been calculated using the equation [31], 

    
       

 
                                                                                                                                   

Where,     is the full width half maximum (FWHM) value of the observed diffraction peaks. 

The dislocation density,   in the thin samples has been calculated by using the equation 

[32], 

    
   

  
                                                                                                                                           

The number of crystallites per unit area,   within the crystalline structure has been 

calculated by the equation [33],  

    
 

  
                                                                                                                                          

Where,   is the thickness of the film sample. The internal stress,   developed within the films 

has been calculated using the equation [34], 

    
 

   
                                                                                                                                    

Where,   is the Young Modulus and   is the Poisson ratio of the ZnSe samples, whose 

values are 67.2 Gpa and 0.28 respectively [31]. 

2.3.2 Optical  

The photon energy,   measured in electron volt (eV) varies with its wavelength,   (nm) by 

the relation. 



 

 

   
    

 
                                                                                                                                   

The transmittance,   is calculated from the observed absorbance data by the relation [35], 

   
 

   
                                                                                                                                      

Where,   is the absorbance. The absorption coefficient,    is calculated using Beer Lanbert’s 

formula given by [35], 

        
 

 
                                                                                                                                

Where,   is the film thickness.  

The bandgap energy is obtained using the relation given by [36], 

            
 

                                                                                                                                  

By plotting graph of (αhυ)
2 
versus photon energy (hυ) and extrapolating the straight line 

portions of the plot to the absolute value of zero, the intercept of the straight line with the hυ 

axis defines the value of the band gap energy [37]. 

The extinction coefficient,   is computed using the equation [35], 

   
  

  
                                                                                                                                             

The reflectance and extinction coefficient data have been used to compute the refractive 

index,   using the equation [35], 

    
  

      
                                                                                                                        

The optical conductivity,    is calculated using equation [38], 

   
   

  
                                                                                                                                        

 
Where,   is the speed of light in vacuum.  



 

 

3. RESULTS AND DISCUSSION 

The results of the structural and optical characterizations of the prepared ZnSe/Mn thin films 

are discussed in details under the influences of dopants concentration and solution pH. 

 

3.1 Structural Properties 

Crystalline structure of the electrodeposited thin film samples have been studied by using a 

Bruker AXS X-ray diffractometer D8-Advance mounted with 1.5406 wavelength Cu-Kα 

monochromator. From the peak search-and-match process, the obtained XRD profile data 

best matched the databases with references (JCP2-41-1445 and JCP2-46-1088), where the 

Millar indices of the diffraction peaks have been obtained. The XRD patterns of all the 

prepared thin films are presented in (figures 1 and 2) under concentration (0.0, 0.1, 0.2 & 0.3 

mol %) and pH (of 7.0, 7.5, 8.0 & 8.5) variations. For all the prepared thin films, the XRD 

pattern showed eight diffraction peaks oriented along (110), (101), (200), (211) (220), (310), 

(301) and (321) planes, corresponding to the average value of 2θ as 26.55
o
, 33.76

o
, 37.76

o
, 

51.52
o
, 54.58

o
, 61.60

o
, 65.56

o
, 78.33

o
 respectively, indicating that all the deposited films are 

polycrystalline in nature with mixture of cubic zinc blende and hexagonal structures [3, 9, 22, 

28] with preferred orientation along (211) plane. The peak along (101) plane is due to 

hexagonal wurtzite structure of the stable ZnSe phase as regard to variation in dopant 

concentration [8, 24] as evident in (fig.1).  
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Fig.1. XRD pattern of the grown ZnSe/Mn thin films under dopant concentration 
variation 
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Fig.2. XRD pattern of the grown ZnSe/Mn thin films under solution pH variation 
 
However, fig.2 indicates that the ZnSe hexagonal phase is not stable to change in solution 

pH, as evident in the change in the peak intensity and position, which could be attributed to 

the variation in reaction kinetics with pH.   



 

 

The data extracted from the XRD plots are subjected to computation for details analysis of 

the structural properties of the prepared thin films, and are presented in (tables 1 and 2).  

Generally, the hexagonal portions in the crystalline structure of the prepared ZnSe/Mn thin 

films are in the ranges, a = 3.747 – 3.766 Å and c = 4.589 – 4.612 Å. Similar hexagonal 

lattice parameter (a = 3.805 Å and c = 6.123 Å) is also reported for ZnSe thin films prepared 

by electrodeposition method [36]. A tetragonal lattice structure of ZnInSe thin films with 

lattice parameter of a = 5.698 Å and c = 11.510 Å had also been reported previously [8]. 

 
 
 
 
 
 
 
 
 
 
Table 1. Variation of the XRD average measurement data of the prepared ZnSe/Mn 
thin films with Mn concentration 

Sample 
Mn conc. 
(mol %) 

d 
(Å) 

a 
(Å) 

c 
(Å) 

D 
(nm) 

N x10
-

17
 

(cm
-2

) 

Ε x10
-4

 Ρ x10
-

18
 

(cm
-2

) 

S x107 
(pa) 

 Cubic Structure 

0.0 1.903 4.627 - 39.26 2.12 9.21 7.63 8.60 
0.1 1.903 4.628 - 39.61 2.00 9.12 7.48 8.51 
0.2 1.906 4.634 - 41.20 1.77 8.81 6.98 8.23 
0.3 1.908 4.638 - 42.01 1.60 8.64 6.91 8.07 

 Hexagonal Structure 
0.0 2.65 3.747 4.589 41.57 1.78 8.71 9.39 8.13 
0.1 2.65 3.747 4.589 41.57 1.74 8.71 9.39 8.13 
0.2 2.65 3.747 4.589 41.57 1.69 8.71 9.39 8.13 
0.3 2.65 3.747 4.589 41.57 1.65 8.71 9.39 8.13 

 
Table 1 indicated that in the case of the cubic structures of the grown ZnSe/Mn thin films, the 

average lattice constant and crystallite size increase continuously, while the average number 

of crystallites, strain, dislocation density and the stress developed in the films decrease as 

the concentration of manganese ions in the solution increases. Similar observations are 

reported previously on the thin films studies of ZnSe doped with In [8], Ag [23], Eu [24]. In 

contrast, Al-doped ZnSe thin films studies by the ref.[22], revealed decrease in both lattice 



 

 

constant and grain size, and increase in strain and defect density as the Al content 

increases. In the case of the wurtzite lattice structure present in the samples, the table 1 

indicated that the crystalline parameters remain unchanged as the Mn concentration 

increases, confirming the stable binary phase of ZnSe [8], as it is also evident in (fig. 1). 

Table 2. Variation of the XRD average measurement data of the prepared ZnSe/Mn 
thin films with solution pH 
 

Sample 
Sample 
pH 

d 

(Å) 

a 

(Å) 

c 

(Å) 

D 
(nm) 

N x10
-

17
 

(cm
-2

) 

Ε x10
-4

 Ρ x10
-

18
 

(cm
-2

) 

S x107 
(pa) 

 Cubic Structure 

7.0 1.906 4.634 - 41.20 1.77 8.81 6.98 8.23 
7.5 1.903 4.628 - 39.18 1.99 9.25 7.68 8.64 
8.0 1.904 4.629 - 39.40 1.91 9.20 7.57 8.58 
8.5 1.905 4.632 - 40.18 1.78 9.03 7.30 8.43 

 Hexagonal Structure 
7.0 2.650 3.747 4.589 41.57 1.69 8.71 9.39 8.13 
7.5 2.663 3.766 4.612 41.55 1.66 8.71 9.35 8.13 
8.0 2.660 3.762 4.607 41.55 1.62 8.71 9.36 8.13 
8.5 2.652 3.751 4.594 41.57 1.59 8.71 9.38 8.13 

 

In table 2, the average lattice constant and crystallite size of the ZnSe/Mn thin films first 

decrease as the solution pH value increases (from 7.0 to 7.5), and then increase 

subsequently, as the pH value increases up to 8.5. The increase in the crystallite size with 

pH value is also reported [39]. The average number of crystallites per area, strain, 

dislocation density and the stress developed in the thin films first increase as the solution pH 

increases (from 7.0 to 7.5), and then decrease subsequently as the pH value increases up to 

8.5. These observations indicated that solution pH influences the crystallinity ZnSe/Mn thin 

films. In the case of the hexagonal portion, crystalline parameters indicated a slight variation 

as the solution pH increases (see also fig. 2), which could be attributed to the change in 

reaction kinetic leading to variation in the stoichiometry of the films [40]. 

3.2 Optical Properties 

The optical properties of all the electrodeposited thin films samples have been studied by 

using 756S UV-VIS spectrophotometer in the Scanning wavelength range of 300 to 1100 nm 



 

 

at room temperature. From the absorbance data generated the optical parameters are 

determined. Fig. 3 and 4 represent the absorption spectra of ZnSe/Mn thin films, where the 

bandgap energy values are extracted and presented in table 3.  

1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

b

c

a

(a
hv

)2 x1
0-4

(e
V

cm
-1

)2

Photon energy (eV)

a (blk): ZnSe undoped (0.0 mol % of Mn)

b (red): ZnSe/Mn 0.1 mol % of Mn

c (blue): ZnSe/Mn 0.2 mol % of Mn

d (green): ZnSe/Mn 0.3 mol % of Mn

d

 

Fig.3. the (αhv)
2
 versus photon energy of the grown ZnSe/Mn thin films under 

concentration variation             
 
The table 3 shown that the band gap decreases continuously as the concentration of Mn 

ions increases. Similar decreases in energy bandgap of ZnSe thin films doped with Cu [21], 

Ag [23], and Eu [24] have been reported previously. However, increase in bandgap with Mn 

concentration in ZnS thin films had also been reported previously [37, 41]. 
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Fig.4. the (αhv)

2
 versus photon energy of the grown ZnSe/Mn thin films under solution 

pH variation     
 
Table 3. Variation of optical bandgap energy of all the prepared ZnSe/Mn thin films 
with concentration and solution pH  

 

Sample 
 

Thickness 

   (nm) 

Eg 

(eV) 

Dopant Concentration 

0.0 128.03 3.56 
0.1 124.80 3.43 
0.2 121.52 3.39 
0.3 118.24 2.92 

Solution pH  
7.0 121.52 3.39 
7.5 118.92 3.91 
8.0 116.41 3.96 
8.5 113.96 3.88 

 
The decrease in the energy bandgap of the samples with Mn concentration may be linked to 

the overlapping of energy levels [23] brought about by the increase in the Mn impurity atoms 

in the films. In addition, as the Mn doping level increases more Mn enter the ZnSe lattice as 

donor or acceptor atoms and interact with each other forming wider donor band within the 

bandgap that pushes the Fermi energy level into the conduction or valence band, thereby 

decreasing the forbidden energy bandgap of the ZnSe/Mn samples. The decrease of the 

bandgap in spite of the decreased in the films thickness could also be attributed to the 

formation of big crystallites size [42]. 



 

 

In the case of solution pH, table 3 also revealed that the band gap increases continuously as 

the solution pH increases up to 8.0, and then drops eventually as the pH increases further to 

8.5. in the studies of Co-doped ZnSe thin films also revealed a decrease of band gap with 

increase in pH values [3].This pattern of observation of band gap relationship with pH has 

been also reported (as 3.67, 3.81, 3.88 and 3.78 eV corresponded to the pH values of 11.50, 

10.99, 10.31 and 10.00 respectively) by Ben-Nasr [43] on the study of ZnS thin films. 

However, decrease in band gap with pH values had been reported on ZnSe thin films [39]. 

The increase in the bandgap with increase in pH values may be explained based on the fact 

that when the film thickness reduces, it may rendered the crystal with scanty number of 

atoms and conduction electrons, which in turn reduces the number of impurity states or band 

width within the bandgap, hence increasing in band gaps of the ZnSe/Mn thin films with pH 

value.  

The figs. 5 and 6 represent the transmittance spectra of the prepared ZnSe/Mn thin films. It 

is generally observed that the transmittance increases smoothly with photon wavelength 

from a very low value in UV to a maximum value in infra-red spectrum region [31]. 
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Fig.5. Transmittance spectrum of the grown ZnSe/Mn thin films under solution pH 
variation  



 

 

    

 In fig.5, it is revealed that the transmittance first increases and then drops subsequently as 

the Mn ions concentration increases over the visible spectrum. Decrease in transmittance 

with Mn concentration is also reported previously [37, 41]. The decrease in transmittance 

with Mn ions concentration could be attributed to the increase in absorbance due to the 

excessive density doping resulted from increasing Mn contents in the films which 

consequently decreases transmittance.  
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Fig.6. Transmittance spectrum of the grown ZnSe/Mn thin films under solution pH 
variation 

In fig. 6, it is revealed also that the transmittance first drops and then increases subsequently 

as the pH value increases over the visible spectrum. The continue increase in transmittance 

with increase in pH is reported also on ZnS thin film [43]. This observation in the visible 

region could also be related to the change in the crystalline structure of the ZnSe/Mn thin 

films (see also table 2).  

The figs. 7 and 8 represent the refractive index versus wavelength for all the prepared thin 

films. Within the visible region, the refractive index increases sharply with photon wavelength 

and then remains nearly saturated at the infra-red region. Another general important 



 

 

observation is the interference effects on the spectra of the refractive indices for all the 

deposited films, indicating optical properties dependent on the photon wavelength. Similar 

interference behaviour on various optical spectra had been reported previously [8, 16, 31]. In 

addition, the spectra also reveal a direct relation between the refractive index and optical 

transmittance at the visible region [1]. 
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Fig.7. Refractive index versus wavelength of the grown ZnSe/Mn thin films under 
concentration variation 

In fig. 7, it is revealed that the refractive index of the ZnSe/Mn samples first increases (blue 

shifted in peak) and then decreases subsequently (with red shifted in peak) as the Mn 

concentration increases over the visible spectrum. However, the infra-red region indicated a 

reverse trend as the Mn concentration increases. The drop in the refractive index with Mn 

concentration in the visible region may be attributed to the decrease in the ZnSe/Mn films 

thickness. While the observation in the IR region could be attributed to change in 

transmittance (see also fig. 7). 

In fig.8, it is also revealed that the refractive index of the ZnSe/Mn samples first drops (with 

red shifted) and then increases subsequently (with blue shifted in peak) as the pH increases 

over the visible spectrum. However, the infra-red region indicated the reverse trend as pH 



 

 

increases. The observation in the visible region could be linked to the variation of the 

crystalline structure of the ZnSe/Mn thin films, which can be explained based on the fact that 

as larger crystallites break to form multiple numbers of smaller grains, bonds are broken and 

some atoms that have acquired energy beyond the average got lost out of the crystals 

lattice, consequently making the crystalline films a little less dense. Hence, the reason for 

the initial drops in the refractive index. When the crystallites become bigger in size, the 

refractive index of the films gets increased.
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Fig.8. Optical conductivity versus wavelength of the grown ZnSe/Mn thin films under 

concentration variation 

The figs. 9 and 10 represent the optical conductivity also known as AC conductivity versus 

wavelength for all the prepared ZnSe/Mn thin films. In overall the optical conductivities of all 

the prepared thin films are high in UV-Vis region and low in IR region. Similar observation is 

reported on ZnS:Mn thin films [45]. The nature of observations here reveals that the 

prepared thin films absorbs the entire UV region and transmit the Vis-IR region. 
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Fig.9. Optical conductivity versus wavelength of the grown ZnSe/Mn thin films under 
concentration variation 
 
In fig. 9, it is revealed that the optical conductivity of the ZnSe/Mn samples first drops from 

3.03 to 2.69 x10
14

s
-1

 (with blue shifted in peak), and then increases subsequently to 3.32 

x10
14

s
-1

(with red shifted in peak) as the Mn ions content increases over the Vis region. The 

increase in optical or AC conductivity with Dopant concentration could be attributed to the 

loss in dielectric nature of the prepared ZnSe/Mn thin films as a result of increase in carrier 

conduction and dipole motion of charged atoms. 
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Fig.10. Optical conductivity versus wavelength of the grown ZnSe/Mn thin films under 
solution pH variation 
 
In fig. 10, it is also revealed that the optical conductivity of the ZnSe/Mn samples increases 

slight from 2.87 to 3.29 x10
14

s
-1

 (with red shifted in peak), and then drops subsequently to 

3.09 x10
14

s
-1

 (with blue shifted in peak) as the pH increased over the Vis region. Decrease in 

optical conductivity with pH had also been reported on Co-doped ZnSe thin films [3]. In 

contrast, the studies of Tin doped ZnSe thin films revealed increase in optical conductivity as 

pH increases [9]. The decrease in the A.C conductivity with increase in pH could be link to 

the decrease in the thickness of the prepared ZnSe/Mn thin films. 

4. CONCLUSION 
 
The results presented in this work prove that there is a possibility to perform doping of zinc 

selenide thin films with Mn impurities using electrodeposition method. According to the 

results obtained from the present studies, the optimal deposition conditions for the 

preparation of the ZnSe/Mn thin films include; temperature, pH value and Mn precursor 

(dopant) concentration of 25
o
C, 7.0 and 0.3M respectively. At these conditions, the bandgap 

energy value (2.92 eV) and lattice constant of 4.6379 Å which are closest to that of the bulk 

ZnSe crystals have been obtained. In addition, well crystalline films with bigger grain sizes 



 

 

(in the range, 41. 20 – 42.01 nm) are obtained under these conditions. The films properties 

may also be improved further when subjected to annealing.  

It has been observed also that the thickness of all the prepared thin films decreases 

continuously as the values of the deposition parameters (concentration and pH) increases. 

This feature could have significant influences on the various properties of the grown 

samples. The XRD studies show the presence of well crystallized nanocrystalline particles 

having mixture of cubic and hexagonal structures. The optical transition in the films has been 

found to be direct. The resulting wide band gap coupled with wide range of optical 

transparency make it suitable for short wavelength optoelectronic device applications such 

as, for blue laser diodes, laser screens, thin film transistors, photo detectors, photovoltaic 

cells and hetero structures for solar cells. The high optical conductivity value of 10
14

 s
-1

 of 

the prepared ZnSe/Mn thin films implied that they have good photo response and could be 

applied as photon conductor. 
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